Achromobacter iophagus synthesized extracellular collagenase in a highly aerated peptone medium at the late-exponential and early-stationary phases of growth. Collagenase synthesis was subject to end-product repression and was repressed by various amino acids and ammonium ions. Glutamine caused severe repression of collagenase production. Collagenase synthesis was sensitive to catabolite repression by glucose and a number of carbon sources. Cyclic AMP, dibutyryl cyclic AMP and cyclic GMP did not relieve catabolite repression. Glucose and 2-deoxyglucose caused a severe transient repression. Although rifampicin and chloramphenicol immediately inhibited RNA and protein synthesis, respectively, they failed to inhibit collagenase production completely. No intracellular preformed collagenase was detected and collagenase production ceased when induced cells were washed and resuspended in buffer.
of glucose and 2-deoxy-~-glucose on collagenase production in peptone medium.
( 0 ) ; 0-4 % glucose added at 2 h (a), 4 h (m) and 6 h (0); 0-2 % glucose added at % 2-deoxy-D-glucose added at 3.5 h (A). Absorbance of control culture (0). the Casamino acids medium were inoculated into 100 ml peptone medium and incubated on an orbital shaker at 250 rev. min-l at 30 "C for 2.5 h. Loosely fitting aluminium foil caps were used instead of bungs to facilitate aeration. The culture was then divided into 10ml aliquots and growth was followed turbidimetrically at 600 nm. Supernatant fractions obtained by centrifugation of the cultures were assayed for collagenase at different times. Collagenase was assayed using the synthetic substrate phenylazobenzyloxycarbonyl-L-pro~yl-L-leucyl-glycyl-L-prolyl-D-arginine (PZ-Pro-Leu-Gly-Pro-Arg) (Fluka, Buchs, Switzerland) by a modification of the method of Wiinsch & Heidrich (1963) in which the Tris/HCl buffer was used instead of veronal/acetate buffer to make up the substrate. Collagenolytic activity was expressed as nkat (ml supernatant)-l (AGo0 unit)-l, or as nkat (ml supernatant)-' in experiments where rifampicin or chloramphenicol were added. Repression of collagenase synthesis. The effects of the addition, at different times, of various carbon sources, amino acids (Table l) , ammonium ions, antibiotics and cyclic nucleotides on collagenase production were investigated.
RNA and protein synthesis. RNA and protein synthesis were determined by the incorporation of [3H]uracil (2 pg ml-l, 0.4 ,uCi ml-l) and ['*C]leucine (2 pg ml-l, 0.4 pCi ml-I), respectively, into trichloroacetic acid (TCA)-precipitable material by the method of Eichenlaub & Winkler (1974) . Rifampicin and chloramphenicol were each added to exponential phase cells to give a final concentration of 300 pg ml-I.
Ultrasonic disintegration and toluene treatment of cells. In order to determine whether collagenase was preformed within the cell, 4 ml samples of culture were disintegrated with a MSE ultrasonic disintegrator and their collagenase activity was then compared with the activity of untreated control samples. Cells were also treated with toluene to determine whether they would release preformed collagenase or become permeable to the substrate and indicate the presence of preformed collagenase: 0.2 ml toluene was mixed with 0.5 ml samples of culture and the collagenase activity was determined in the supernatant and in uncentrifuged samples.
R E S U L T S
Kinetics of collugenase production. Coilagenase was produced in the peptone medium when the culture reached the late-exponential and early-stationary phases ,of growth (6 t o 12 h) and maximum yields were obtained after 10 to 12 h (Fig. 1) . Production of collagenase was affected by aeration and optimum yields were only obtained under highly aerated conditions. Glucose repression of collagenase synthesis. Addition of 0.4 ?& glucose to the peptone culture before 6 h, the time at which collagenase production normally starts, completely inhibited the synthesis of collagenase (Fig. 1 >. The glucose analogue 2-deoxy-~-glucose at the same concentration (0.4%) had a transient inhibitory effect on the production of collagenase when added at 3-5 h (Fig. 1) . Addition of 2-deoxy-~-ghcose at 2 h. at concentrations of 0.224 and 0.4y0, also resulted in a transient inhibitory effect, with 0*4O/;, 2-deoxy-D-glucose causing more inhibition than 0.2 "/o (results not shown). This transient effect was also observed with 0.2 7; glucose ( Fig. 1) and 0.05 "/o glucose had no effect on collagenase production. The addition of 0.4 (:o glucose after 6 h caused a slight reduction in collagenase production. Various other carbon sources repressed the synthesis of collagenase (Table 1) . Lactose, which the bacterium was unable to utilize (Welton & Woods, 19731 , caused little repression after 6 h and no repression after 8 h.
Eflecr of cyclic nucleotides. Repression of collagenase synthesis by glucose was not relieved by 5 mwcyclic AMP, 5 mwdibutyryl cyclic AMP or 5 m~-cyclic GMP (Fig. 2 ). The addition of 5 mwcyclic AMP actually inhibited collagenase production whereas 2 mM-cyclic GMP had no effect (Fig. 2) .
Eflect of amino acids. Casamino acids (0.5 and 1 yo) and various individual amino acids (0.5 yo) inhibited collagenase production ( Table 1) . Glutamine caused severe I epression of collagenase synthesis but other amino acids inhibited collagenase production to a lesser extent. Ammonium ions (100 to 200 mM-N) also repressed collagenase synthesis.
Efect ofantibiotics. The addition of 200 ,ug rifampicin ml-l and 500 pg chloramphenicol ml-l at 3 h prevented the production of collagenase (Fig. 3) . When these antibiotics were added at 6 h, collagenase production was not inhibited completely and significant increases in activity occurred. However the effect of 300 p g rifampicin ml-l and 300 pg chloramphenicol ml-I on the incorporation of [3H]uracil and [lT]leucine, respectively, into TCAprecipitable material when added at 6 h indicated that rifampicin inhibited RNA synthesis and chloramphenicol inhibited protein synthesis immediately (Fig. 4) .
Collagenase assays and peptone inhibition. Cell-free peptone culture filtrates obtained after 6 and 8 h incubation were diluted in the TrisIHCI buffer and in peptone medium, i.e. the 200pg rifampicin ml-l added at 3 h (A) and 6 h (A); 500pg chloramphenicol ml-l added at 3 h (0) and 6 h (H). equivalent filtrates diluted in Tris /HCl buffer plus peptone. The peptone therefore appeared to inhibit the collagenase. Furthermore the collagenase activity of a cell-free supernatant increased 2.6-fold over a 2 h period suggesting that degradation of an inhibitor of the enzyme occurred. Ultrasonic disintegration and toluene treatment. Ultrasonic disintegration or toluene treatment of the cells did not result in an increase in collagenase activity ( Table 2) .
Release of collagenuse by wushed cells. Experiments were carried out to determine whether induced cells which were producing collagenase in the peptone medium would continue to release collagenase in buffer after washing. Washed induced cells did not produce collagenase in buffer.
D I S C U S S I O N
The production of collagenase by A . iophagus requires a specific inducer and only occurs at the late-exponential and early-stationary phases of growth in highly aerated cultures. This pattern of exoenzyme synthesis in a complex medium is similar to protease, nuclease and cell wall-lytic enzyme production by Bacillus strains (Priest, 1977) . The growth of cells to late-exponential phase and the precise time of collagenase synthesis, at 6 h, facilitated studies of the regulation of enzyme formation.
Tn common with exo-protease synthesis by bacteria of a number of genera, including Bacillus, Sarcina and Arthrobacter, collagenase production is subject to control by endproduct repression (Glenn, 1976) . Various amino acids and ammonium ions repressed collagenase production. The severe repression by glutamine suggests that the enzymes involved in glutamine metabolism may be implicated in the regulation of collagenase (Streicher et al., 1974; Friedrich & Magasanik, 1977) , possibly in similar roles to hose occupied by glutamine synthetase in the induction of histidase. Experiments are in progress to isolate glutamine auxotrophs and study the effects of the mutations on the regulation of collagenase. It is interesting that glycine, which constitutes one-third of all the amino acids in collagen, strongly repressed collsgenase synthesis. Lecroisey et a/. (1975) reported that histidine inhibited purified collagenase and part of the apparent repression caused by histidine may be due to the inactivation of the collagenase. Isoleucine and proline, which have been identified as the most common repressive amino acids in other bacteria (Glenn, 1976) , also repressed collagenase synthesis but not as severely as glutamine.
In addition to end-product repression the synthesis of collagenase is subject to catabolite repression by a number of different growth substrates. However, the addition of exogenous cyclic AMP, dibutyryl cyclic AMP [which stimulates the synthesis of P-galactosidase in Caulobacter crescentus (Shapiro et al., 1972) ] or cyclic GMP did not relieve catabolite repression. The failure of cyclic AMP to oveicome the glucose effect has been reported for extracellular enzyme synthesis in Vihrio parahaemolyticus (Tanaka & Iuchi, 197 l) , Psetldomonus maltophilia (Boethling, I975) , Pseudomonas lemoignei (Stinson & Merrick, 1974) , Staphylococcus aureus (Yoshikawa e f al., 1974) and many Bacillus species (Priest, 1977) . Cyclic AMP actually inhibited the synthesis of collagenase. A similar inhibitory eff'ect of cyclic AMP was reported for the synthesis of extracellular 1,3-P-glucanase in a Strrptonzyces strain (Lilley et al., 1974) . As well as inducing catabolite repression the addition of 0.2% glucose or 0.4% 2-deoxy-~-glucose resulted in a severe transient repression similar to the transient repression observed with the lac operon in Escherichia coli (Tyler et a/., 1967) . Higher concentrations of glucose (0.4%) resulted in a complete repression of collagenase synthesis. The isolation by Robbertse et al. (1978) of a colG mutant, which is insensitive to glucose but repressed by amino acids, and a colA mutant, which is insensitive to glucose but requires amino acids, suggests that the glucose and amino acid effects are mediated differently.
Rifampicin and chloramphenicol added at 6 h failed to inhibit collagenase production completely and increases in activity occurred. Rifampicin inhibited RNA synthesis and chloramphenicol inhibited protein synthesis immediately. The increase in activity of the chloramphenicol culture could be due to the release of preformed enzyme. However this seems unlikely as ultrasonic disintegration or treatment of cells with toluene did not result in an increase in collagenase activity. Furthermore Keil-Dlouha et al. (1976) also reported that no zymogen or cell-accumulated enzyme is present during exponential growth. Some of the increase in activity with time could have been due to preformed collagenase reducing the concentration of an inhibitor (possibly inducer molecules) in the peptone culture. This would result in a decrease in the concentration of the inhibitor in the medium and an increase in collagenase activity. Because of this effect it is not possible to conclude whether exoenzyme synthesis is supported for a period in the absence of messenger synthesis, as was shown for protease secretion in P. maltophilia (Boethling, 1975) . These results emphasize the care that must be taken when studying the regulation of inducible enzymes in complex media.
Induced cells which have been washed do not continue to synthesize collagenase in buffer. This may be due to the removal of the inducer. Alternatively the failure to continue synthesis of collagenase may be due to the absence of a n energy source. Attempts are being made to isolate a constitutive mutant in order to study the control of induction of collagenase by the large inducer molecule. Synthesis of collagenase by A. iophagus provides an ideal model for studying the regulation of exoenzyme production which requires the specific induction by a large macromolecule such as collagen. D. R. W. and G. C. R. acknowledge research grants from the South African Council for Scientific and Industrial Research.
